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1. INTRODUCTION AND SUMMARY

This report describes work on NINDS Contract Noo NOI-NS-4-2310 dunng  the period
November 29, 1996 o February 280 1997, As part of the Nearal Prosthesis Propram. the broad
ghjectives of the present fundamental swdics are: 13w evaluate the elecirochemical processes
that oecur at the electrade-clectrolyte inlerface durmyg pulsing regiments Charactoristic of neural
prosihetic appheations: 21 o establish charge injection imits of stimulation electrode materials
which avoud rreversible electrochemical reactions: 33 o develop an i vitre method, which cun
be upplied £ vive. for detenmuining the clectrochemical real area und stability o microchectrodes:
41 1o develop new materials which can operute at high stimulation charge densitics for
microstimulation: and 3 o provide ckctrochemical and analytical support tor uther rosearch

activities in the Neural Prosthesis Program at NINDS.

During this reporting period. long term studies of 11 Michigan nbbon-cable-probe No. 1L sie 0.
were continued. The apparent capacitance of the unactvaled site, calculated Irom the corrent at
0.0V vs. AglAgClin a 200 Vis potential sweep, has been monitored fur over 524 duvs ol soaking
in PBS. An abrupt hut modest increase in the capacitance from (1.3 nb (o -2.3 pl wus observed
al day 91 o the soak test, Onday 217, the electrode was inadvertently allowad 1o dry out, Adler
the clectrode was rehydrated, the apparent capacitance had decriased oo vidue closer to that
vhserved betore day Y1, There has been no increase m Cyyp, simidar 1o that observed at day 91 for

the 307 davs of soaking since the clectrode was rehydrated at day 217,

The aftect of acuvation potential limits, puise duration and elecirobye pH on the undormity and
srowth rate of AIROF has been evaluated. Our previons studies (see QPR Nos. 8 and 97 suzzes
That uniform activation can be achieved with potential pulse acuvation provided the dwell tme at
cach potental limit is lonp coowgh (or the activadon carrent w reach background levels. A dwell
tme ot 1 s compared with the more typical value of 0.5 s appears cffective in providing
uniform sctivation of large area (-0.1 mm®) elecirodes. Cathodic and anodic putential limits of -
0.7 and 1.0V v AplApCl resulted 1o the highest AIROLE activation rates in 0.1 M PBS.
Comparable anodie and cathodie potential mits m (03 NaaHPOy, 0080 and <090V resulted in g

higher AIROE activation rate than that in PBS,



2. VOLTAMMETRIC STUDIES ON Ir MICROELECTRODES

During this quarter we continued  studics of the long term stabilivy of It sites on a probe with an
mtegrated ribbun cable recetved from U1 Michigan. Figure 2.1 15 a diggrammatic representation
af the probe showing the numbering scheme tor the clectrode sites. The probe has been under

stitk 10 phosphate butfered saline (PBS) for 324 days.
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Figure 2.1 Diagrammatic representaton of sies and site wdentification on U, Michigun ribbon-
cable probe,

Mcusurciments of the apparent capaciance of site 1 of the nbbon-cable-prohe Noo | owere

contmued. Test procedures and results are detadled in previous Quarterly Progress Reports iNus,

5-91. The uppurent capacitance, €, at 200 Visoas ploted in Fig, 2-2 as o functon of tume for

the three studies performed this guarter alung with duta from the 25 studies conducted during the

previous {ive quarters. Cpy, 18 caleulated by dividing the current ai .0V vy, AglApCl by (he scun

rate. thus Cuy = QFV = ifv o where vis the sean rate.
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Figure 2-2 Appareat capacitance of site | on UL Michigan ribhon-cable probe No. T ac 200 Vi
For the 28 scan rate swadics.




We do not have a sausfactory explanation for the increase In apparent capacitance between days
91 and 220. The mnadvertent drying out of the electrode at day 217 presumably caused the
decreuse m Cy. However. there has been no increase m Co,. similar te that observed at day 91
tor the 307 days of soaking since the electrode was rehydrated at day 217, This resull. und Lhe
abruptness of the mercase observed at day 91, suggests that the increase in Cup 18 not duc to an
ongaing degradation process at the electrode site. A comparison of the voltammetric scams used
i the caleulation of Cy, at 2000 Vis for days 39, 160, 3534 und 517 is shown in Fig. 2-3. The 59,
2334 and 317 day scans are not sigmificantly different with only o maodest werease in current
obhserved tor the longer soaking tmes, This diterenee might be due o an increase in the surlace
arca ob Troaccessible o the electrolyte or the formation of ndium oxide due o prior
clectrochemical testing at expanded hmits.  [n either case. some increase m C,, via cither
mechunism s anticipated and, overall, this site has exhibited a stable electrochemical response for

niore than ane vear of soaking in (L1 M PBS.
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Figure 2-3  Vollammetric scans of site | on U Michigan ribban cable probe Nool after 59, 160,
354 and 317 days of soaking. Scan rate = 1005 Visec,




3. IRIDIUM ACTIVATLION STUDIES

3.1. Experimental Setup for Activation

The cleculytes used tor activation and evaluation of AIROF are the tollowing:  phosphate-
buttered sahoe (PBS), .08 M Na-HPO, 002 M Nt EPOS, and (012 M ONaCT at pH 720 und 0.3
M Na:tHPOs at pH 9.1, These electrolytes are generally deoxygenated by a flow of Ar gas,
Potentials are messured against 4 AglAgCHsHCT (3M KCH) reference clkectrode (Microclectrodes
inc.. No. MI-40O3). sselated from the clecirochemical cell by a salt bridge. Two iridium elecrrodes
were used Tor this portion of the activation study: u} an ridium disk {Banalvtical Svslems Inch
with nominal diumeter of 127 pm and clectrochemical surface area (ESAT of 1.4 x 10* om. and
bt an mdium disk fabricated al EIC by casting | mm diameter wire i Epon Resin 828, (ESA.

7RO x 1 i..'I'['l::l.

The AIROF 18 formed by applying consecutive sets o1 30 sguare-wave polential pulses hetween
fixed cuthodic and unodic mits. After each sev of 30 pulses, cyelic voltammaegrams are acyuired
il sean rates of 0.005 and (0010 Vs between potential limits of -0.55 ¥V oand 0,75 V vs. Ag AgCl for
slectrodes activated im PBS and -0.65 Voand 065 V for electrodes activated in 0.3 M Nu-HPO,,
On completion of 100, 450 apd [ 130 pulscs, additional CVe were taken at scan rates (0,005 und
0,30 Visee, und impedance spectroscopy was performed. The anodic and cathodic charge storase
capacities af the ATROF were determined by integrating the oxidation and reduction currents.
respectively. during sequisition of the voltammuograms, The unactivated I metal background was
subtracted from the AIROF CVs belore integration.  An activation pulse wadth of 100 8 was
evilugted wath varous cathodic and anodic potential imbs ranging between 00,33 10 -0.8 'V oand

04w LOS Y, respectively.

3.2. Influence of Activation Potential Limits and pH On Charge Capacity

In the provious guarter, a comparison of activation rate in 0.3 M Na-HPO, and PBS was mady
wsing standard potential pulse activation conditions between -0.6 V oand +0.8 V in PBS and -0.7 ¥
and -HL7 ¥ in (1.3 M Nu,HPO, with pulse widths of 10's, The 10 s pulse width was chosen du
the lincarity in the AIROY charge capacity with the number of activation pulses and the uniformity

vl AIROF grown under these conditions. Figures 3-1 and 3-2, tuken from data presenced s QPR

|




Moo 9 show the mercase inoanodic and cathodie charge capacity. respectvely, over un 1150 pulse
actwvation in vach electrolyie. The e of AIROV growth 1s comparable in PBS and D03 M
Na:HPO, up o 250, 1} s pulses. corresponding 10 a charge capacity of 16 mC/em”. With

additonul pulsing, the growth rate in PBS was marginally greater.
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Froure 31, Comparison of the anodic charge capacity of AIROF activated in PBS and 0.3 M
Na-HPO. using potenual limits of 00608 ¥ and -0 7007 ¥V, respectively,

n
Lo

j —— 0.1MPBS,pH 7.2
—+ 0.3 M Na,HPO,, pH 9.1

=
[ ]
T

- Cathodic

(O]
(o]
T

Mo
[
T

Charge Capacity, mClcm?
O

| L

|
1000 1200

=
——

L] L 1

L l |
0 200 400  B0O 80O
Number of pulses

Figure 3-2.  Companson of the cathodic charge capacity of AIROF activated in PBS and (0.3 M
Na:HPO, using potentiad limis of -006/0L8 ¥V oand (0707 V. respectuively.




[n the tollowing series of experiments, all in 0.3 M Na.HPQO,. the combination of “minimum oxude
erowth” conditions, discussed in QPR 9,15 comipared 10 the standard sctivation windows as well
us the commbination of “maximum oxide growth” conditions,  Additionally. windows shghtly wader
than the mnimum and maximum conditions were tested. Table 3-1 Lists the conditions used Tor
potental pulse activation i 03 M NaHPO, sy well ds activauon lmits i PBS that were

discussed in previous QPRs.

Tuble 3-1  Potential pulse activaton windows for both O IM PBS and 0.3 M Nu-E{PO,.
mnimuim and maximum conditons

Expenment Actvaton Window Lor Activuuon Window For
.1M PES 0.3M Na.HF(,
| Cathodic Anodic Cathodic Anndic
Potenud] Limit | Powentiad Limit | Potental Liome | Potential Limu

nriginal -(1.60 +{).840) -(1,71} ~(170
crigina - -- -- -7} +{+ 8
Mmitimum -(3.45 +(1.55 -(}55 145
mintmuym-+ (3,44 +(1.63 (154 +}.5%
MmNy - - -- -(h45 +HA4F
MAKINIUm 170 +.93 -- --
TaXImum+ -0, 710 +1.00) -(1.K(} +(}.01)

As shown in Figure 3-3, the data for the cathodie charge capacity produced under minimum
acuvation condimons (-0.55 6 045 Voin 0.3 M Nu:HPOL) show a very slight increase with
meredsing  pulse number. indicating no signilicant ridium oxide  growth. Decreasing the
“mimmuarn’ activation window by 0.1 'V oat the cathodic liemit {-0.45 w0 #0435 V1 resulted in oo
apparent growth of oxide,  Inereasing the “minioum”™ activation window by (01 % a0 the anodic
limit ¢-0.55 1o +1.55 Vi, resulted in the formation of some AIRQF with a CSC of <10 mCicm
atter [ 150 pulses. Addiuonally, the standard (-(07 Vo 6.7 V) acuvanion window wus increased
by 0.1 W at the anodic Hmit (-0.70 0 #0080 V) Alter L1530 pulses, the capacity of the -0.7/0.7 V
and 07 RY aetivanon Imit ATROEs were essentially adentical and similur 10 previous
mcusurements i (03 M N HPOy (see Figs. 3-1 and 3-23 [n (L1 M PBS, the "maximum’”™ and
maximum plus 0.1 ¥ at the anodic mu produced virtwally wdentical results, therelore, only the

luler expeniment was performed in the 0.3 M N HPO, solution. Hewever, when the activation
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window m 0.3 M NuHPO, was inereased to -0 8/009 Voo sigmbBicantly more capacity and higher

rate ol uxide accumulation were chserved.
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Figure 3-3 Cathodic charge capacily as a [unctuon of pulse number of AIROF acuvated by 10«
pulses at the potential limits indicated in 0.3 M Nua:HPO,.

Figure 3-4 compares the “maximumi+ and  standard  actvavon window  cathodic chargce
capacities, corrected for background currents, in beth clectrolvtes with increasimg pulse number
For the standard sctivation windows, the rate ot AIROF growth s comparable in PBS and (1.3 M
NiHPO: up 1o 25 10 s pulses, corresponding o a charee capacity of —10 mCiem™. With
Jdditienal pulsing, the growth rate in PBS s marginally greater. Afler 1130 pulses under standard
conditons, the cathodic charge cupacity is 37 mCiem® and 29 mCem® in PBS and 0.3 M
Nu:HPO,, respectively. For the "maximum+" activation conditions, however, the growth rate in
(0.2 M Nu:HPO; 1y significantly greater than that for the (.1 M PBS. The charge capacny of the
AIROF acuvated in 0.3 M Na: HPOy with mits of -0.8/A4H0.9 Voanereased over the first 450 pulses
o u cathodic charge cupucity of -86 mCfent” whike the AIROF activated in (11 M PBS with

comparahle Fmits of -007/+1.0 V inereased 1 a cathudic charge capacity of 45 mCiom™. After

1)




PP pulses ander “maximum+” condivions, the cathodic charge capacity increases Lo 146

mCfem” m phasphute compared with 77 mCicm™ in PBS.
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Figure 3-4 Comparisen of the cathodic charge capacities for both  the  slandard  and
"maximum+’ activation window experiments in both PBS and sodium phosphate
solutions. All data are background corrected.

The higher growih rate inn (1.3 M N HPO, does et imply thal AIROF activated in ths elecirolyte
will have a higher stimulation charpge mijection capacity. A major ditference i the uctivabion
clectrolvtes, besides pH. is the bigh CI composition m the PBS. The C1 on is known te adsorb
an Ir. ws well as other noble metals, and its presence may also affect acuvation rales, particukurly
whan using moere positive anodic mits. Activation experiments in pH 7.4 hufter without C1 wall

be performed in the following reporting period o test the CI adsorption hypathesis.




4. FUTURE WORK

The evaluation of acuvation prowscels will continug in the next quarter. The affect of activauen
paramcters un charge wmectuon and utilization of AIROF will be evaluated. In the previous twi
Juarters, the wse of Tulr graded intertace electrodes with improved swability under aggressive
uctivation condions was reported. During the past guarter work, an initial characterization of
the respunse of TiIr graded intertace electrodes o sumulation pulsing has been compleied, A
mare detatled analysis 18 planned for the upcoming quarter and prefiminary data will be presented

in the following QPR.




